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(7) ABSTRACT

A vertically-oriented liquid crystal display device having a
configuration in which the orientation of liquid crystal mol-
ecules can be properly controlled and in which the deteriora
tion of display, such as optical leakage, can be suppressed.
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional patent application of
U.S. Ser. No. 11/120,110 filed May 2, 2005, claiming priority
to Japanese Patent Application No. 2004-138540 filed May 7,
2004, all of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a liquid crystal dis-
play device and an electronic apparatus, and more particu-
larly, to a liquid crystal display device using vertically-ori-

ented liquid crystals.
[0004] 2. Related Art
[0005] Recently, vertically-oriented liquid crystal devices

are utilized in liquid crystal TVs, display screens of mobile
phones, and so on. An example of a vertically-oriented liquid
crystal display device is disclosed, for example, in Japanese
Unexamined Patent Application Publication 9-236821. Spe-
cifically, a technique s disclosed in which thin film transistors
are formed and pixel electrodes are formed on an interlayer
insulating layer (overlayer) formed so as to cover signal lines,
and electric fields (gradient electric fields) are prevented or
suppressed from being generated between the pixel elec-
trodes and the thin film transistors and/or the signal lines,
thereby suppressing disorientation of the vertically-oriented
liquid crystals.

[0006] However, according to the liquid crystal display
device in Japanese Unexamined Patent Application Publica-
tion 9-236821, since a portion of the pixel electrode is also
present on a contact hole and the pixel electrode is substan-
tially rectangular, an aperture ratio (i.e. transmittance) is
increased. However, in a region where the contact hole is
formed, a concave-shaped inclined surface occurs at the sut-
face of the pixel electrode, so that disorientation of the verti-
cally-oriented liquid crystals may occur near the inclined
surface. Also, in addition to the contact hole, disorientation of
the vertically-oriented liquid crystal may also occur near a
spacer that defines the thickness of the liquid crystal. The
disorientation in turn causes an optical leakage, and so on,
which leads to deterioration of the display, such as contrast
degradation.

SUMMARY

[0007] An advantage of the present invention is that it pro-
vides a vertically-oriented liquid crystal display device hav-
ing a configuration in which the orientation of liquid crystal
molecules can be properly controlled and in which the dete-
rioration of display, such as optical leakage, can be sup-
pressed, and further, it provides an electronic apparatus hav-
ing the liquid crystal display device.

[0008] A liquid crystal display device according to an
aspect of the invention includes: a pair of substrates including
an element substrate and a counter substrate; and a liquid
crystal layer interposed between the pair of substrates,
wherein the liquid crystal layer is composed of liquid crystals
each having a negative dielectric anisotropy. indicating that
an initial oriented state is vertically-oriented, wherein the
element substrate includes a switching element, an insulating
layer formed on the switching element, and a pixel electrode
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formed on the insulating layer, wherein the pixel electrode
has a plurality of island-shaped portions and a plurality of
branch-shaped portions connecting between the plurality of
island-shaped portions, and the switching element and the
pixel electrode are electrically connected to each other via a
contact hole formed in the insulating layer, wherein a spacer
for defining the thickness of the liquid crystal layer is pro-
vided at the side of the liquid crystal layer of at least one
substrate of the pair of substrates, and wherein the contact
hole and the spacer are disposed at different locations on the
surface ofthe one substrate and are provided in a region where
the island-shaped portions and the branch-shaped portions of
the pixel electrode are not formed.

[0009] The liquid crystal display device according to the
aspect of the invention is a vertically-oriented active matrix
type liquid crystal display device, in which an insulating layer
(interlayer insulating layer) is formed between a switching
element and a pixel electrode, so that it is possible to prevent
or suppress an electric field from occurring between the
switching element and the pixel electrode. As a result, the
disorientation of liquid crystal molecules due to the electric
field can be prevented or suppressed.

[0010] Further, the pixel electrode is constituted by a plu-
rality of island-shaped portions and a plurality of branch-
shaped portions connecting the island-shaped portions to
each other, so that a gradient electric field may be generated
along the periphery of the island-shaped portion between the
pixel electrode and the electrode (i.e. the opposite electrode)
formed on the counter substrate. As a result, it is possible to
control the orientation of the liquid crystal molecules in
respounse to the gradient electric field. Therefore, orientation
division of the liquid crystal molecules can be implemented
for each island-shaped portion, so that the trouble such as
disorderly orientation within the pixel electrode can be pre-
vented or suppressed.

[0011] Furthermore, in accordance with the aspect of the
invention, the insulating layer is interposed between the
switching element and the pixel electrode and the contact hole
is formed all over the insulating layer to have the switching
element and the pixel electrode electrically connected to each
other as described above. However, concave shapes are often
generated at the interposing surface of the liquid crystal layer
in the region where the contact hole is formed, and the dis-
orientation of the liquid crystal molecules is apt to occur due
to the concave shapes. Accordingly, it is not preferable that
the contact hole is formed so as to overlap the pixel electrode
in plan view. Therefore, in accordance with the aspect of the
invention, the contact hole is formed in a region where the
island-shaped portion and the branch-shaped portion are not
formed, that is, the contact hole is formed in a region which
does not contribute to display. As a result, empty spaces
formed between the island-shaped portions designed for the
purpose of orientation division of the liquid crystal molecules
can be effectively utilized, which allows unnecessary con-
sumption of the display region to be prevented. In this case,
the disorientation of the liquid crystal molecules which may
occur due to formation of the contact hole occurs in a region
except the region where the pixel electrode is formed, so that
the disorientation can be reduced in the pixel region as com-
pared to a case of having the contact hole formed to overlap
the pixel electrode.

[0012] Moreover, in accordance with the aspect of the
invention, a spacer is disposed in at least one of the pair of
substrates in order to define the thickness of the liquid crystal
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layer. However, the disorientation of the liquid crystal mol-
ecules is apt to occur near the spacer. In this case, the spacer
is also formed in a region where the island-shaped portions of
the pixel electrode and the branch-shaped portions are not
formed as is done with the contact hole, so that the empty
space of the pixel electrode can be effectively used and
adverse effects (e.g. display spot or afterimage) on the display
caused by the disorientation of the liquid crystal molecules
near the spacer can be decreased. As an example of the spacer
used for the liquid crystal display device of the invention,
there is a spacer formed by using a resin material within the
substrate surface, and specifically, a photo-spacer selectively
formed by using a photolithography method.

[0013] In accordance with the liquid crystal display device
of the invention, the contact hole and the spacer may be
formed in a region surround by four island-shaped portions.
Inaddition, the shape of the island-shaped portion may be any
one of circle and polygonin plan view, and more particularly,
the orientation division having a high order may be imple-
mented when it is a regular polygon.

[0014] Further, the substrate provided with the spacer is
formed with a light shielding portion overlapping the spacer
in plan view, and an area of the light shielding portion in plan
view can be larger than that of the spacer in plan view. In
particular, it is preferable to dispose the light shielding por-
tion in the substrate where the spacer is formed. In this case,
positional alignment between the spacer and the light shield-
ing portion may be accurate. In addition, a signal line for
supplying a signal to the switching element is formed in the
element substrate using a light shielding material, so that the
region where the spacer is formed can be very properly
shielded from light even when the signal line is formed to
overlap the spacer in plan view.

[0015] Meanwhile, an orientation control unit that controls
the orientation of liquid crystal molecules may be further
provided at a position which overlaps a center portion of each
of the plurality of island-shaped portions in the liquid crystal
layer of the counter substrate. In this case, it is possible to
define the orientation of liquid crystal molecules substantially
radially from the center of the island-shaped portion. In addi-
tion, the orientation control unit may be composed of an
opening that a portion of the electrode provided on the
counter substrate is cut, or may be composed of a protrusion
which protrudes toward the liquid crystal layer from the
counter substrate, and so forth.

[0016] Next, an electronic apparatus according to another
aspect of the invention includes the above-mentioned liquid
crystal display device.

[0017] According to this configuration, it is possible to
implement the electronic apparatus which does not have dis-
play failures, but has a wide viewing angle and a good
response speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements, and wherein:

[0019] FIG. 1 is an equivalent circuit diagram of a liquid
crystal display device in accordance with a first embodiment
according to the invention;

[0020] FIG. 2 is a plan view illustrating an electrode con-
figuration of the liquid crystal display device in accordance
with a first embodiment;

Jan. 8, 2009

[0021] FIG. 3 is a plan view illustrating a pixel configura-
tion of the liquid crystal display device in accordance with a
first embodiment;

[0022] FIG. 4A is a cross-sectional view taken along the
line A-A' of FIG. 3;

[0023] FIG. 4B is a partial cross-sectional view taken along
line B-B' of FIG. 3;

[0024] FIG. 5is a plan view illustrating a pixel configura-
tion of a liquid crystal display device in accordance with a
second embodiment according to the invention;

[0025] FIG. 61is a cross-sectional view taken along the line
II-IT' of FIG. 5;
[0026] FIG. 7 is an equivalent circuit diagram of a liquid

crystal display device in accordance with a third embodiment
according to the invention;

[0027] FIG. 8 is a plan view illustrating a pixel configura-
tion of the liquid crystal display device in accordance with the
third embodiment;

[0028] FIG. 9 is a plan view illustrating an alternative
example of the pixel configuration of a liquid crystal display
device in accordance with a second embodiment according to
the invention; and

[0029] FIG. 10 is a perspective view illustrating an example
of an electronic apparatus according to the invention.

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

[0030] Hereinafter, a first embodiment of the present inven-
tion will be described with reference to FIGS. 1 to 4. The
liquid crystal display device of the embodiment is an example
of an active matrix liquid crystal display device using a thin
film diode (hereinafter, referred to as a TFD) as a switching
element, and in particular, it is an example of a vertically-
oriented liquid crystal transmissive display device. Also, the
size of each layer or each member is scaled to be different
from each other in the drawings so as to allow the layer or the
member to be recognizable in the drawings.

[0031] FIG. 1 is an equivalent circuit diagram illustrating
the liquid crystal display device 100. The liquid crystal dis-
play device includes a scanning signal driving circuit 110 and
a data signal driving circuit 120. Signal lines, that is, a plu-
rality of scanning lines 13, and a plurality of data lines 9
intersecting with the scanning lines 13 are disposed in the
liquid crystal display device 100, and the scanning lines 13
are driven by the scanning signal driving circuit 110 and the
data lines 9 are driven by the data signal driving circuit 120.
Further, in each pixel region 150, a TFD element 40 and a
liquid crystal display element (liquid crystal layer) 160 are
serially connected to each other between the scanning line 13
and the data line 9. Also, the TFD element 40 is connected to
the scanning line 13 and the liquid crystal display element 160
is connected to the data line 9 in FIG. 1; however, the TFD
element 40 may be connected to the data line 9 and the liquid
crystal display element 160 may be connected to the scanning
line 13.

[0032] Next, a planar configuration of the electrodes of the
liquid crystal display device 100 of the embodiment will be
described with reference to FIG. 2. As shown in FIG. 2, inthe
liquid crystal display device 100 of the embodiment, pixel
electrodes 31 are disposed in a matrix pattern. Each pixel
electrode 31 is connected to a scanning line 13 with the TFD
element 40 being interposed therebetween. The counter elec-
trodes 9 have a rectangular shape (stripe shape) and face the
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pixel electrodes 31 with respect to the direction perpendicular
to the sheet surface of FIG. 2. The counter electrodes 9 serve
as the above-mentioned data lines, and they have a stripe
shape intersecting with the scanning line 13.

[0033] In this embodiment, the pixel electrodes 31 are
arranged in a matrix and each the pixel electrode 31 forms one
dot region. Also, a TFD element 40 is provided for each dot
region so that the display can be implemented per dot region.
Although each pixel electrode 31 is shown to be schemati-
cally rectangular in FIG. 2, the pixel electrodes 31 actually
have an island-shaped portion and a connecting portion, as
will be described later.

[0034] Here, the TFD 40 is a switching element for electri-
cally connecting the scanning line 13 to the pixel electrode
31, and is configured to have a metal-insulator-metal (MIM)
structure having a first conductive layer having Ta as a main
component, an insulating layer formed on the surface of the
first conductive layer and having Ta,O as a main component,
and a second conductive layer formed on the surface of the
insulating layer and having Cr as a main component. Also, the
first conductive layer of the TFD element 40 is connected to
the scanning line 13 and the second conductive layer is con-
nected to the pixel electrode 31.

[0035] Next, a pixel configuration of the liquid crystal dis-
play device of the embodiment will be described with refer-
ence to FIGS. 3 and 4. F1G. 3 is a plan view illustrating a pixel
configuration of the liquid crystal display device 100, specifi-
cally, a planar configuration of the pixel electrode 31, and
FIG. 4 is a view schematically illustrating a cross section
taken along the line A-A' of FIG. 3. The liquid crystal display
device 100 of the embodiment has dot regions each composed
of the pixel electrode 31 within a region surrounded by the
data line 9 and the scanning line 13, as shown in FIG. 2.
Within the dot regions, coloring layers having different colors
from each other among three primary colors are disposed to
correspond to one dot region, and three coloring layers (blue
color B, green color G, and red color R) correspond to three
dot regions D1, D2, and D3 to form one pixel, as shown in
FIG. 3.

[0036] Theliquid crystal display device 100 of the embodi-
ment has a liquid crystal layer 50 interposed between the
bottom substrate (element substrate) 10 and the top substrate
(counter substrate) 25 disposed so as to face the bottom sub-
strate, as shown in FIG. 4, and the liquid crystal layer 50 is
composed of liquid crystal materials each having a negative
dielectric anisotropy indicating that its initial oriented state is
vertically-oriented.

[0037] Although not all of them are shown in the cross-
sectional configuration of FIG. 4A, the TFD elements 40 (see
FIG. 3) are disposed between the liquid crystal layer 50 and
the substrate main body 10A, which is composed of a trans-
missive material such as quartz or glass. In particular, the
TFD elements 40 are disposed in between an insulating layer
29 and the substrate main body 10A. The scanning lines 13 for
supplying signals to the TFD elements 40 are disposed in
between the liquid crystal layer 50 and the substrate main
body 10A. The interlayer insulating layer 29 formed so as to
cover the TFD elements 40 and the scanning lines 13. Further,
the pixel electrode 31 composed of a transparent conductive
layer such as Indium Tin Oxide (ITO) is formed on the inter-
layer insulating layer 29, and the TFD element 40 and the
pixel electrode 29 are electrically connected to each other
with the contact hole 32 (see FIG. 3) formed in the interlayer
insulating layer 29 being interposed therebetween. In addi-
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tion, an orientation layer (not shown) composed of polyimide
or the like is disposed on the further inner surface of the pixel
electrode 31. The orientation layer is of the type for achieving
an vertical alignment of the liquid crystal 50.

[0038] Inparticular, each pixel electrode 31 of the embodi-
ment is configured as shown in FIG. 3 to have a plurality of
island-shaped portions 31a, 315, and 31¢ and branch-shaped
connecting portions 39. The connecting portions 39 are inter-
posed between adjacent ones of the island-shaped portions
31a, 315, and 31¢ and electrically connect the adjacent ones
of the island-shaped portions 31a, 315, and 31¢ to each other.
The outer contour of connecting portions 39 and the island-
shaped portions 31a, 315, and 31c can be said to define
formation regions of the pixel electrodes 31. Areas outside the
formation regions can be considered non-formation regions
of the pixel electrodes 31. Also, in this embodiment, each of
the dot regions D1, D2, and D3 is configured to be divided
into a plurality of sub-dot regions S1, S2, and S3 (three
sub-dot regions in FIG. 3) having substantially the same
shapes.

[0039] In general, the aspect ratio of the one dot region is
about 3:1 in the liquid crystal display device having the color
filter, so that the shape of one sub-dot region becomes sub-
stantially circular or polygonal when three sub-dot regions
S1, S2, and S3 are disposed in each of the dot regions D1, D2,
and D3 in accordance with the embodiment, which preferably
allows a wide viewing angle to be implemented in all direc-
tions. Each shape of the sub-dot regions S1, S2, and S3
(island-shaped portions 31a, 315, and 31c) is substantially
octagonal in FIG. 3; however, it is not limited thereto, and a
circular or a polygonal shape may be applied. In other words,
the slits (portions except the connecting portions 39 and 39)
obtained by partially cutting the electrode are disposed
between the island-shaped portions 31a, 315, and 31c¢,
respectively.

[0040] Meanwhile, the top substrate 25 has a color filter CF
within the substrate main body 25A (on the side of the liquid
crystal layer of the substrate main body 25A) composed of a
transmissive material such as quartz or glass, and this color
filter CF has coloring layers of R, G, and B colors. The
counter electrode 9 composed of a transparent conductive
layer is formed on the inner surface of the color filter CF, and
an orientation layer (not shown) composed of polyimide is
formed on the further inner surface of the counter electrode 9.
The orientation layer acts as a vertically-orientation layer for
achieving a liquid crystal molecule alignment that is vertical
with respect to the layer surface. With this type of orientation
layer, orientation processing such as rubbing is not pet-
formed. In addition, the counter electrode 9 is formed to have
a stripe shape that extends perpendicular to the paper surface
of FIG. 4. The counter electrode 9 acts as a common electrode
for the plurality of dot regions extended in the direction
perpendicular to the paper surface. In addition, a slit (open-
ing) serving as an orientation control unit is formed in the
counter electrode 9. Alternatively, a protrusion composed of
dielectric may be employed as the orientation control umt
instead of the slit.

[0041] On the other hand, a phase difference plate 18 and a
polarizing plate 19 are disposed on the outer surface of the
bottom substrate 10 (i.e. the side different from the surface
where the liquid crystal layer 50 is interposed), and a phase
difference plate 16 and a polarizing plate 17 are also disposed
on the outer surface of the top substrate 25. Furthermore, a
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backlight 15 serving as a light source for a transmissive dis-
play is disposed outside the polarizing plate 19 provided on
the bottom substrate 10.

[0042] In addition, the liquid crystal layer 50 composed of
liquid crystals each having a negative dielectric anisotropy,
which indicates that the initial oriented state is vertically-
oriented, is disposed between the bottom substrate 10 and the
top substrate 25. The spacer SP for defining the thickness of
the liquid crystal layer 50 is interposed between the bottom
substrate 10 and the top substrate 25. Also, the spacer SPis a
photo-spacer disposed on the inner side of the top surface 25,
which is formed such that acrylic resin or the like is patterned
to be a columnar shape.

[0043] Slits 43 are formed in the counter electrode 9 of the
top substrate 25. As shown in FIG. 3, each slit43 is positioned
at the substantial center of a corresponding island-shaped
portion 31a, 315, and 31¢ of the pixel electrode 31. The slits
43 are provided to control the orientation of the liquid crystal
molecules of the liquid crystal layer 50, that is, in order to
control the direction in which the liquid crystal molecules tilt
when a voltage is applied between electrodes. As a result of
the slits 43, in each sub-dot region S1, S2, and S3 an oblique
(slanted) electric field is generated from the slit 43 to the
periphery of the island-shaped portions 314, 315, and 31¢, so
that the liquid crystal molecules slant in a radial orientation
around the slit 43.

[0044] As such, the orientation of the liquid crystal mol-
ecules is separate for each of the sub-dot regions S1, S2, and
S3 to allow the liquid crystal molecules to be uniformly
oriented in substantially all directions, which in turn allows
the viewing angle to be uniformly enlarged in almost all
directions. Also, the orientation of the ordered liquid crystal
molecules may be controlled for each of the sub-dot regions
S1, 82, and S3.

[0045] In this embodiment, the TFD element 40 and the
pixel electrode 31 are electrically connected to each other
with the contact hole 32 formed in the interlayer insulating
layer 29 being interposed therebetween. As shown in FIG.
4B, because of the contact hole 32, a concave shaped portion
may be formed on the inner surface of the bottom substrate
10, that is, the interposed surface of the liquid crystal layer 50.
As a result, an inclined surface is formed at a portion of the
interposed surface of the liquid crystal layer 50, so that the
orientation of the liquid crystal molecules may be mis-
aligned along the inclined surface. Therefore, it is required to
shield the formation region of the contact hole 32 from light.
If the contact hole 32 were formed below the pixel electrode
31, the portion of the display region would be shielded from
the light, so that the aperture ratio (transmittance) would be
degraded.

[0046] However, according to this embodiment, the contact
hole 32 is formed in the empty space generated by dividing
the pixel electrode 31 into the plurality of island-shaped por-
tions 31a, 315, and 31¢, i.e. the non-formation region of the
pixel electrode 1 within one dot region. Specifically, the con-
tact hole 32 is formed in the empty space formed between
different pixel electrodes 31 each having island-shaped por-
tions 31a, 315, and 31¢, as shown in FIG. 3 to thereby effec-
tively use the empty space. That is, since the contact hole 32
is formed in the region which does not contribute to display,
the display region it not shielded from light even when the
contact hole 32 is shielded from light, and the aperture ratio
(transmittance) is not degraded. In this case, the disorienta-
tion of liquid crystal molecules which may occur due to
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formation of the contact hole 32 occurs in the region outside
the region where the pixel electrode 31 is formed, so that the
disorientation may be reduced in the pixel electrode as com-
pared to the case of forming the contact hole overlapping the
pixel electrode 31. In addition, the formation region of the
contact hole 32 is shielded from light by the interconnection
of the TFD element 40 composed of metal material in the
embodiment.

[0047] Furthermore, in this embodiment, the spacer SP is
also formed in the empty space formed between the island-
shaped portions 31a, 315, and 31¢ of the pixel electrode 31,
that is, in the non-formation region of the pixel electrode 31.
Moreover, the spacer SP is disposed at a different location
than the contact hole 32. In this case, the empty spaces of the
island-shaped portions 31a, 315, and 31¢ can also be effec-
tively used. In addition, although the disorientation of the
liquid crystal molecules is apt to occur near the spacer SP, the
spacer SP is configured to be formed in the empty space ofthe
island-shaped portions 31a, 315, and 31¢, so that, even when
the disorientation of the liquid crystal molecules occurs near
the spacer SP, the effect on the display region due to the
disorientation can be reduced.

[0048] In addition, in this embodiment, a light shielding
portion 28 composed of a member having a light shielding
property, such as chromium, is formed on the top substrate 25
where the spacer SP is formed, and an area of the light
shielding portion 28 in plan view is configured to be larger
than the area of the spacer SP in plan view. In particular, in this
embodiment, since the light shielding portion 28 is disposed
on the top substrate 25 where the spacer SP is formed, the
spacer SP and the light shielding portion 28 can be accurately
aligned regardless of the accuracy between the top substrate
25 and bottom substrate 10.

Second Embodiment

[0049] Hereinafter, the second embodiment according to
the invention will be described with reference to FIGS. 5 and
6. FIG. 5 is a cross-sectional view schematically illustrating
the pixel configuration of the liquid crystal display device of
the second embodiment, and corresponds to FIG. 3 of the first
embodiment. In addition, FIG. 6 is a schematic view taken
along the line B-B' of FIG. 5, which corresponds to FIG. 4A
of the first embodiment. The basic configuration of the liquid
crystal display device of the second embodiment is the same
as in the first embodiment, but differs from the first embodi-
ment only in the configuration of the pixel electrode. Accord-
ingly, in FIGS. 5 and 6, the same elements as in FIGS. 3 and
4 are denoted by the same reference numerals, and detailed
explanation thereof will be omitted.

[0050] One dot region is divided into three sub-dot regions
to constitute the pixel in the first embodiment; however, one
dot region is divided into two sub-dot regions S1 and S2 in the
second embodiment. In such a configuration, the area of the
empty space between the island-shaped portions 31a and 315
is reduced, so that it is possible to increase the aperture ratio
(transmittance) as compared to the first embodiment.

[0051] Further, in the second embodiment, the spacer SP is
disposed in the bottom substrate 10. The spacer SPis shielded
from light by the light shielding portion 28 on the side of the
top substrate 25 in the first embodiment, but it is configured to
be shielded from light by the scanning lines 13 on the side of
the bottom substrate 10 in the second embodiment. Specifi-
cally, the corresponding scanning lines 13 are designed such
that the scanning lines 13 are composed of a metal material
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having a light shielding property and its width is selectively
broadened in the formation region of the spacer SP so as to
allow the area of the scanning lines 13 overlapping the spacer
SP in plan view to be larger than the area of the spacer SP
when in plan view.

[0052] Further, since the liquid crystal display device of the
embodiment is a vertically-oriented normally black liquid
crystal display device, is not required to form a black matrix
in the color filter CF because the formation region of the
spacer SP is light-shielded (light is blocked) by the scanning
lines 13 and the contact hole 32 is light-shielded by the TFD
element 40. The areas around the island-shaped portions 314,
315 will not be visible during bright (white) display.

Third Embodiment

[0053] Hereinafter, the third embodiment according to the
invention will be described with reference to FIGS. 7 and 8.
FIG. 7 is an equivalent circuit view of the liquid crystal
display device of this embodiment, and FIG. 8 is a plan view
illustrating one pixel of the liquid crystal display device of the
embodiment, which is a schematic view corresponding to
FIG. 3 of the first embodiment. In addition, in FIG. 8, the
same elements as in FIG. 3 are denoted by the same reference
numerals, and detailed explanation thereof will be omitted.
[0054] The liquid crystal display device of this embodi-
ment is an active matrix type liquid crystal display device
using a thin film transistor (hereinafter, referred to as TFT) as
a switching element, and also an example of a vertically-
oriented liquid crystal display device.

[0055] In the liquid crystal display device of the embodi-
ment, as shown in FIG. 7, the pixel electrodes 31 and the TFTs
30 serving as the switching elements for controlling the pixel
electrodes 31 are formed in a plurality of dots arranged in a
matrix shape which constitute the image display region,
respectively, and the data lines 6a to which the image signals
are supplied are electrically connected to the sources of the
TFTs 30, respectively. The image signals S1,S2, ..., and Sm
for writing data are supplied in this order to the data lines 6a
in a linear and sequential manner or supplied to each group
with respect to adjacent data lines 6a.

[0056] Further, the scanning lines 3a are electrically con-
nected to the gates of the TFT 30, and scanning signals G1,
G2, ..., and Gm are linearly and sequentially applied to the
plurality of scanning lines 3a in pulses at a predetermined
timing. Also, the pixel electrodes 31 are electrically con-
nected to drains ofthe TFTs 30, wherein the image signals S1,
S2,. .., and Sn supplied from the data lines 6a are written at
a predetermined timing by having the TFTs 30 serving as the
switching elements turned on only for a predetermined
period.

[0057] Image signals S1, S2, ..., and Sn having predeter-
mined levels which are written in the liquid crystal via the
pixel electrodes 31 are retained between the pixel electrodes
and the common electrode formed in the counter substrate for
apredetermined period. Theliquid crystal modulates the light
by changing the order or the orientation of molecular clusters
by means of the applied voltage level, so that the gray scale
display can be implemented. In this case, in order to prevent
the retained image signal from leaking, a cumulative capaci-
tor 70 connected in parallel to the liquid crystal capacitor
formed between the pixel electrode 31 and the common elec-
trode is added. And the reference numeral 35 indicates a
capacity line.
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[0058] Next, aplanar configuration of the pixel constituting
the liquid crystal display device of the embodiment will be
described with reference to FIG. 8. As shown in FIG. 8, data
lines 6a and scanning lines 3a are disposed along vertical and
horizontal boundaries of the pixel electrode 31, respectively,
and inside of the region where each pixel electrode 31, the
data lines 6a and the scanning lines 3a disposed to surround
the pixel electrode 31 are formed is one dot region, so that the
display can be implemented per dot region which is arranged
in a matrix shape.

[0059] Also in the third embodiment, one dot region is
divided into three sub-dots S1. S2 and S3 so as to control the
orientation of the liquid crystal molecules while the slits 43
are formed in counter electrodes (not shown) formed in the
counter substrate. That s, the pixel electrode 31 is constituted
by the plurality of island-shaped portions 31a, 316 and 31¢,
and portions connecting the island-shaped portions to each
other (i.e. branch-shaped portions 39 and 39).

[0060] Furthermore, as is done with the first embodiment,
the contact hole 32 for electrically connecting the TFT 30 to
the pixel electrode 31 and the spacer SP for defining the
thickness of the liquid crystal layer are formed in empty
spaces formed between island-shaped portions. In particular,
the spacer SP is shielded from light by the data line 6¢.
Specifically, the data line 6a is composed of a metal material
having alight shielding property, and is designed such that the
data lineis selectively extended in the region where the spacer
SP is formed so as to allow the planar area of the data line 6a
overlapping the spacer SP in plan view to be larger than the
planar area of the spacer SP in plan view. In addition, the
region where the contact hole 32 is formed is shielded from
light by the interconnection of the TFT 30.

[0061] In the third embodiment as described above, the
contact hole 32 and the spacer SP are formed in the empty
space so as to effectively use the empty space formed by
dividing pixel electrode 31 into the plurality of island-shaped
portions. Thereby, the aperture ratio (transmittance) of the
display can be suppressed from being degraded based on the
formation of the contact hole 32 and the spacer SP. In addi-
tion, since the liquid crystal display device of the embodiment
is a vertically-oriented normally black liquid crystal display
device, it is not required to form the black matrix in the color
filter CF because the formation region of the spacer SP is
light-shielded by the data line 6a and the contact hole 32 is
light-shielded by the interconnection of the TFT 30. In addi-
tion, in the embodiment, the capacity line 35 is positioned
between two sub-dots S2 and S3, which may suppress the
aperture ratio affected by the capacity line 35 from being
degraded.

[0062] Inaddition, the width of the data line 6a is extended
to shield the region where the spacer SP is formed in the
embodiment as shown in FIG. 8; however, the width of the
capacity line 35 may be extended to shield the region where
the spacer SP is formed as shown in FI1G. 9.

Fourth Embodiment

[0063] Next, a specific example of the electronic apparatus
having the above-mentioned liquid crystal display device will
be described. FIG. 10 is a perspective view illustrating an
example of a mobile phone. Referring to FIG. 9, a reference
numeral 1000 denotes a main body of the mobile phone, and
1001 denotes a display portion using the liquid crystal display
device. When the liquid crystal display device of the above-
mentioned embodiment is used for the display portion of the
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electronic apparatus such as the mobile phone, it is possible to
implement the electronic apparatus having the liquid crystal
display portion which has not display failure, but has a wide
viewing angle and a good response speed.

[0064] In addition, the technical scope of the invention is
not limited to the above-mentioned embodiments, but may be
varied without departing from the spirit of the invention. For
example, slits (openings) have been provided in the elec-
trodes as the orientation control unit in the above-mentioned
embodiments; however, protrusions protruding toward the
liquid crystal layer may also have the same operation and
effects as the slits. In addition, a transmissive type liquid
crystal display device has been described in the embodi-
ments; however, it is possible to apply the invention to the
reflective type or transflective type liquid crystal display
device.

What is claimed is:

1. A liquid crystal display device, comprising:

a dot region including a pixel electrode;

a first substrate including a switching element, an insulat-
ing layer formed over the switching element, and the
pixel electrode formed over the insulating layer;

a second substrate including a counter electrode;

aliquid crystal layer interposed between the first substrate
and the second substrate and including a liquid crystal
molecule having a negative dielectric anisotropy,
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wherein the insulating layer having a contact hole, and the
switching element is electrically connected to the pixel
electrode via the contact hole, and

wherein a concave-shaped surface is formed by the contact

hole at aliquid crystal layer side of the first substrate, and
the contact hole is provided at a region that does not
contribute to display; and

a spacer that sets a thickness of the liquid crystal layer

formed on one of the first substrate and the second sub-
strate,

wherein the spacer is provided at a region formed by the

pixel electrode being partially cut.

2. The liquid crystal display device according to claim 1,
wherein the region in which the contact hole is provided is
shielded from light.

3. The liquid crystal display device according to claim 1,
wherein the spacer is provided not so as to overlap the region
in which the contact hole is provided.

4. The liquid crystal display device according to claim 1,
wherein the pixel electrode includes a plurality of island-
shaped portions, and a branch-shaped portion connecting the
adjacent island-shaped portions, and

wherein the dot region includes a plurality of sub-dot

regions, and the island-shaped portions are formed in
each of the sub-dot regions.

5. An electronic apparatus comprising the liquid crystal
display device according to claim 1.

LI T T
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